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1.0 SUMMARY 

% 

This design note documents the major developments which have 
taken place to date in the analysis of the po wer and energy demands 
on the APU/Hydrauli c/Actuator Subsystem during the entry- to- touchdown 
(not including rollout) flight regime. These developments are in 
the form of two subroutines which were written for use with the 
Space Shuttle Functional Simulator (SSFS). The first subroutine 
calculates the power and energy demand on each of the three hydraulic 
systems due to control surface (inboard/outboard elevons, rudder, 
speedbrake, and body flap) activity. The second subroutine incorporates 
the R. I. priority rate limiting logic which limits control surface 
deflection rates as a function of the number of failed hydraulic 
systems. 

Typical results of this analysis are included, and listings 
of the subroutines are presented in Appendicies A and B. 

This development work was conducted under Contract Number NAS 9- 
13970 Task Order B0205. 

2.0 INTRODUCTION 

The purpose of the APU/Hydraul i c/Actuator Subsystem task Is to 
establish fluid horsepower, peak horsepower and hydraulic energy 
duty cycles for each control surface and for each hydraulic system, 

and to evaluate the effect and impact of failed hydraulic systems 


on current actuator requirements and vehicle dynamics. The analysis 

employs the SSFS in order to generate 6 DOF trajectories, with control 

% 

surface deflection rates being the parameters of greatest importance. 
Fluid horsepower demand is calculated for each surface as a direct 
function of the surface rate. Horsepower demand on each hydraulic 
system Is then determined by summing the fluid horsepower demand 
from the appropriate control surfaces. The horsepower time history 
for each hydraulic system is integrated over the entire trajectory 
to determine the energy requirement for each hydraulic system due 
to control surface activity. 

Hydraulic system failure analysis is accomplished by activating 
the priority rate limiting logic subroutine and by rerouting the 
control surface fluid horsepower demand to the appropriate hydraulic 
system. 

3.0 DISCUSSION 

The main components of the APU/Hydraulic/ Actuator subsystem 
can be seen in Figure 1. Each hydraulic system consists basically 
of a fuel tank, an APU, and an hydraulic pump. Each of the three 
Identical hydraulic systems is plumbed to each actuator or hydraulic 
motor such that any one system can drive all control surfaces. 
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The horsepower demand on a hydraulic system (calculated at the 

pump) due to control surface activity Is equal to the volume flow 

* 

rate times the system pressure differential. The system pressure 
differential used here is 3000 psi. The volume flow rate is equal 
to the control surface deflection rate times the particular flow 
gradient of the actuator or hydraulic motor which corresponds to 
that control surface. Fluid horsepower demand is therefore cal- 
culated as follows: 

HP f - Q AP C Hp 

where Q * K5 

K * flow gradient (GPM / deg / sec) 

I = surface deflection rate (deg / sec) 

AP * 3000 psi 
C H p * .00058333 

The body flap is an exception to this however, due to its unique 
control circuit configuration. The hydraulic flow rate is not pro- 
portional to the body flap deflection rate and an average flow rate 
is used (Reference B). 

Horsepower demand on each hydraulic system is then determined by 
sunning the Individual demands from the appropriate control surfaces 
according to the loss management matrix (see Figure 2) from Reference 
B. As an example, the horsepower demand on hydraulic system three 
at any one time (with no failures) would be equal to the sum of the 
fluid horsepow. r dc-nand of the left outboard elevon and right ir-board 
elevon, plus one- third of the demand from the rudder, speedbrake, 
and body flap. 
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The energy requirement for each hydraulic system is calculated 
by Integrating that system's horsepower demand over the entire trajectory. 
The trapezoidal rule is used and the integration time step is approx- 
imately one- tenth of a second. 

In the analysis of hydraulic system failure effects, the priority 
rate limiting subroutine is included in the simulation. This routine 
will limit the control surface deflection rates based on the number 
of failed hydraulic systems and the available flow from the remaining 
system(s). The source for this logic is Reference A. The rate 
limits for each case are shown in Figure 3. 

4.0 RESULTS 

Typical preliminary power and energy results due to control 
surface activity are shown in Figure 4. The actuator flow gradients 
used were obtained from Reference B. 

The SSFS models used in generating these results include ACS 15, 

RCS 14 and AERO 23 (June '74 aerodynamics). The Entry Guidance is 
the December '74 ADC Guidance with the baseline 40/30° a-profile 
trajectory, and entry control is the August 12, 1974 version of the 
RI System X Entry DAP. TAEM guidance is from the Nov. '74 RI FSSR, 
and control is from the Jan '75 RI FSSR. Autoland guidance and control 
is from the Nov '74 RI FSSR. The WIND 9 model (Reference E) was used 
to stimulate steady state winds and gusts/turbulence, and the ATM 6 
model was used to simulate the 1962 Standard Atmosphere. 
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Figures 5 through 33 show typical output plots from a 3B entry- 

to- touchdown trajectory for a two hydraulic systems failed case. 

* 

Data are plotted at two second Intervals throughout the trajectory 
and therefore some points are unavoidably missed. The rate limiting 
In this case had an effect on the vehicle dynamics resulting In 
sluggish touchdown conditions as well as extremely high peak load 
factor of ~ 2.6 g's. The touchdown position was 280 feet beyond the 
runway threshold and 176 feet wide of the runway centerline with a 
sink rate of 9.7 ft/sec. This compares with 3200 feet beyond the 
threshold, one foot from the centerline and a 4 ft/sec sink rate 
for the now failure case. 

5.0 CONCLUSIONS 

The developments presented here represent the basic foundation 
In the analysis of the power and energy demands on the APU/Hydraulic/ 
Actuator Subsystem. However, there are several other factors which 
must be included in the total picture. It should therefore be empha- 
sized that the power and energy data presented here is only that 
portion of the total which is due to control surface activity. 

The additional factors which go to make up the total power and 
energy demand include power spool/hydraulic motor leakeage flo*', con- 
trol flow, pump efficiency curves, and S.F.C. curves. These factors 
will be dealt with in future studies, and a more detailed analysis 
will follow. 
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